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Background: The supine position is the most common birth position adopted in China, but
the World Health Organization recommends non-supine positions for delivery. The hands-
and-knees position shows several advantages, such as wide pelvic diameter and easy fetal
rotation during delivery. Small trials conducted in China in 2011 revealed that the hands-
and-knees position resulted in improved maternal and neonate outcomes than those in the
supine position. However, a comprehensive study must be conducted before the hands-
and-knees position can be introduced into clinical practice. Hence, we conducted this
multicenter trial to comprehensively examine the benefits of the hands-and-knees posi-
tion over the supine position during delivery.
Methods: Our clinical study was conducted in 11 hospitals in China from May to December
2012. A total of 446 pregnant women who gave birth in the hands-and-knees position were
assigned into the experimental group, and 440 women who gave birth in the supine po-
sition were classified into the control group. Episiotomy rate was evaluated as the primary
outcome, and perineum laceration degree was considered the secondary outcome.Y. Zhang).
Nursing Association.
g Association. Production and hosting by Elsevier B.V. This is an open access article under
mons.org/licenses/by-nc-nd/4.0/).
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rates of intact perineum and first-degree perineum lacerations compared with those in the
control. Postpartum bleeding amount, neonatal asphyxia, and APGAR scores at 1 and 5 min
were not significantly different between the two groups.
Conclusions: This study proves that women who delivered in the hands-and-knees position
achieved low rates of episiotomy and intact perineum. Moreover, the rates of neonatal
asphyxia and postpartum bleeding did not increase. Pregnant patients who prefer to adopt
the hands-and-knees position should be assisted in assuming such position during
delivery.
Copyright © 2016, Chinese Nursing Association. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
The up-right position is a simple and low-cost intervention
that increases the likelihood of normal vaginal birth [1]. Up-
right positions (including standing, sitting, and hands-and-
knees) during childbirth can benefit women by allowing
spontaneous pushing, efficient contractions, short second
stage of labor, less intervention, and high patient tolerance to
labor pain [2e4].
Limited information is available regarding the advantages
and disadvantages of different “non-supine positions”. No
significantly different reported between kneeling and upright
sitting delivery positions [5] or between using a birthing seat
and any other delivery position [6]. The hands-and-knees
position involves laboring woman “on all fours”, which
means being prostrate with four limbs on the floor or bed,
similar to a crawling baby [7]. In this position, the abdomen is
suspended and the hips are at a right angle to the floor or bed
[7]. The hands-and-knees position results in a wide pelvic
diameter, which facilitates the descent and rotation of the
fetal head and decrease the incidence of shoulder dystocia
[7]. The hands-and-knees position can also convert the
occipitoposterior presentation to occipitoanterior during
labor [8].
In a previous study [9], pelvimetry was performed in 35
non-pregnant female volunteers who assumed supine,
hands-and-knees, and squatting positions. The results
revealed that the sagittal outlet in the hands-and-knees
(11.8 ± 1.3 cm) and squatting (11.7 ± 1.3 cm) positions excee-
ded that in the supine position (11.5 ± 1.3 cm; p ¼ 0.002 and
P ¼ 0.01, respectively). Similar observations were noted in
interspinous diameters (11.6 ± 1.1 and 11.7 ± 1.0 cm vs.
11.0 ± 0.7 cm; P < 0.0001, in both cases). Thus, both hands-and-
knees and squatting positions can facilitate delivery [9,10]. In
the supine position, the pelvis is tilted anteriorly in the supine
position; the presenting part is forced to travel posteriorly to
the curve of the sacrumand thenmoves again upward in an S-
shaped curve, thereby complicating fetal descent. When a
pregnant woman is in the hands-and-knees position, the
spine and pelvis assume a C-shaped curve, which facilitates
fetal passage [11]. Hence, this position was recommended by
Inner May Gaskin as an efficient method to resolve shoulder
dystocia (Gaskin maneuver) [12]. Based on the literature, thehands-and-knees position provides the optimal benefits,
including wide pelvic diameter and easy fetal passage [11].
Although the hands-and-knees position exhibits theoret-
ical advantages, the clinical application of this technique is
severely hampered by the lack of compelling evidence to
support its effectiveness. This position was investigated in a
study with small sample size in China [13]; in this study, 113
women were randomized into two groups, namely, women
who gave birth in the hands-and-knees position (experi-
mental group, n ¼ 51) and those who delivered in the supine
position (control group, n ¼ 62). The experimental group
showed shorter second stage of labor and lower rates of
episiotomy without increasing the rate of neonatal asphyxia.
However, introducing this position to clinical application is
limited by the lack of solid scientific evidence [14]. Hence, the
hands-and-knees position must be further investigated using
multi-center clinical studies. The present study aims to
compare maternal and neonatal outcomes between low-risk
women randomized to birth with the hands-and-knees and
supine positions and examine factors affecting the rate of
episiotomy.2. Methods
2.1. Design
This study is a prospective, two-group randomized, controlled
trial.2.2. Setting and participants
The study participants included women who gave birth at 11
hospitals in China selected by convenience; these hospitals
included five maternal and child health hospitals and seven
general hospitals. Data were collected between May and
December 2012. During this period, the average annual birth
number in the 11 participating hospitals was 14,000. The in-
clusion criteria included a) having a healthy, uncomplicated
pregnancy without any medical diagnosis; b) anticipating
vaginal delivery of a singleton fetus in cephalic presentation
and longitudinal lie and spontaneous onset of labor at gesta-
tional weeks between (37 þ 0) and (41 þ 6); and c) The body-
Fig. 1 e Hands-and-knees delivery position.
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must understand Mandarin to comprehend the instructions.
The exclusion criteria included women with pregnancy com-
plications, premature rupture of membranes, medical con-
traindications, physical limitations that do not allow the
hands-and-knees position, and/or with fetus in the non-
cephalic presentation or breech position and/or of less than
37 or over 42 weeks of gestation.
An assisting midwife verified the eligibility of the patient
for participation in the trial on the basis of the inclusion
criteria upon admission to the delivery ward.
2.3. Sample size calculation
According to a pilot study, episiotomy rate differed by 25%
between the groups (the episiotomy rates in the experimental
and control groups were 15% and 40%, respectively); as such,
48 participants per group and a total of 92 participants were
required to achieve a power of 80% at a significance level of
0.05 (two-sided) [15]. However, the present study recruited as
many participants as possible during data collection.
2.4. Randomization
Equal numbers of 150 opaque and sealed envelopes contain-
ing randomization assignments were randomly mixed,
numbered, and placed in the office of the labor wards of each
participating hospital. Each envelope also contained a data
collection sheet. When a womanwas admitted in active labor,
themidwife askedwhether the patient is willing to participate
and if so, drew an envelope in strict numerical succession.
2.5. Intervention
The principal investigator ZHY and trial coordinator HSR
conducted presentations to the obstetrical nursing staff to
ensure that the involved medical team in every hospital un-
derstood the research protocol. The hospital research nurse
conducted training sessions with the nursing staff to ensure
that all nurses were comfortable in assisting women to as-
sume the hands-and-knees position and cognizant of the trial
enrolment procedure.Women in the experimental groupwere
assisted to take a free position during the first stage of labor
and directed to maintain the hands-and-knees position for
delivery during the second stage. The heads of the delivery
beds were increased to 30e60 from the horizontal. Each
subject was assisted to assume the prone position while
kneeling on cushions with the support of her palms or fists
(for women with carpal tunnel syndrome). The subject held
this pose for 15e30 min and then rested in the semi-
recumbent or lateral position for 5e10 min. The process was
repeated until the end of the second stage of labor and finally
delivered the babies in the hands-and-knees position. The
subjects who found the position uncomfortable were allowed
to assume another more comfortable position but were
encouraged to attempt the hands-and-knees position again at
a later time. The hands-and-knees position was discontinued
for patients who showed negative effects on fetal heart rate
pattern or maternal blood pressure. In this case, the patient
was adjusted to the supine position while waiting forplacental delivery (Fig. 1). Women in the control group were
also allowed to take free positions during the first stage of
labor and early second stage. These women assumed the su-
pine position for delivery. All research nurses were trained to
assist women to receive the allocated delivery position.
During the second stage of labor, both groups received the
hands-off method to protect the perineum (achieved by con-
trolling the delivery of the head without holding against the
perineum while pushing by hand). The women were allowed
to strain spontaneously with modified breathing during the
contraction period [16e18]. Delayed cord clamping (clamping
the cord at pulsation cessation or placental delivery) was
adopted in both groups [19e21].
2.6. Measurements and data collection
The primary outcomewas episiotomy rate, and the secondary
outcomes included degree of perineum laceration (judged by
the new classification called “four degrees of the perineum
tear”) [22], rate of natural delivery, rate of shoulder dystocia,
postpartum bleeding, neonatal APGAR score, and rate of
neonatal asphyxia. All these outcome measurements were
available from electronic case notes.
In the envelope randomly assigned to each participant, a
random number and a data collection sheet were enclosed to
obtain demographic data and other aforementioned infor-
mation. The patients who did not follow the birth position as
instructed were directed by the midwives to specify their
reason in the data collection sheet.
Fig. 2 shows the flowchart of the consolidated standards of
reporting trials (CONSORT) employed in this study. Among the
5808 women who were assessed for eligibility, 1021 were
deemed ineligible. The main reasons for exclusion included
high-risk pregnancy, epidural anesthesia for pain relief, and
spontaneous rupture of membranes without spontaneous
contractions for longer than 24 h. Among the 4787 women
who were eligible to participate in this study, 1400 provided a
written consent and were recruited. In total, 886 patients
completed the protocol; 446 cases belonged to the experi-
mental group, and 440 cases were assigned to the control
group. A total of 480 womenwithdrew from the study because
of lack of willingness to follow the allocated intervention. The
participants were mainly young, with a mean age of
The final participants (grouped at random)
(n=1,400)
Allocated to the experimental group 
(n=700): 
Followed the allocated 
intervention(n=458)  
Did not receive allocated 
intervention(n=254)
Allocated to the control group 
(n=700): 
Followed the allocated 
intervention(n=462)  
Did not receive allocated 
intervention(n=260)
The women totally informed about the study during the study period 
(n=5,808)
The women eligible for participating in this study (n=4,787)
3,387 declined the 
participation.
1,021 excluded.
Finally, 446 were included in the study Finally, 440 were included in the 
study.
Fig. 2 e The Consolidated Standards of Reporting Trial
(CONSORT) Flowchart for this study.
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(67.5% and 66.1% in the experimental and control groups,
respectively).Table 1 e Distribution of participants from each hospital
(n ¼ 886).
Hospital
code
Experimental group
(hands-and-knees position)
n ¼ 446
Control group
(supine position)
n ¼ 4402.7. Ethical considerations
Ethical approval was obtained from the health research ethics
boards of all the participating hospitals. The midwives
employed in the involved institutions (ZNN, LYJ, CM, LYX,
WJQ, HLH, GXL, MFL, YYH, ZXL, ZXY, GRF, WAB, and LJ) pro-
vided written and oral information to the participants and
explained the purpose and nature of the research The mid-
wives also guaranteed the confidentiality of the data collected
and anonymity of the participants and relayed the maternal
right to refuse participation as potential participants. Women
who were willing to participate in the study provided written
consents and were subsequently recruited. All of the partici-
pants gave written consent to participate in the study. The
subjects were permitted to withdraw from the study at any
time during the trial by informing the nurse staff.1 67 67
2 68 62
3 55 55
4 62 62
5 50 50
6 11 11
7 16 16
8 6 6
9 40 40
10 55 55
11 16 16
Total 446 4402.8. Data analysis
Data analyses were performed using IBM SPSS Statistics for
Windows version 21 (IBM Corp., Armonk, NY). Descriptive
statistics were used to report the demographics of the par-
ticipants and the levels of outcome variables. Independent
sample t-test was applied to compare continuous data of
pregnant weeks, maternal age, neonatal birth weight, time of
second stage and third stages of labor, and postpartum
bleeding between the groups. For categorical data, chi-squaretest was used to determine differences in variables between
the groups. Logistic regression was adopted to examine fac-
tors affecting episiotomy rate. The level of statistical signifi-
cance was set at P < 0.05, and all inferential tests were two-
tailed.3. Findings
3.1. Demographic and clinical characteristics of
participants
The distribution of 886 women among 11 hospitals is pre-
sented in Table 1. Four hospitals presented insufficient cases
because both midwives and women in delivery doubted the
safety of the hands-and-knees position. Moreover, six hospi-
tals recruited more than 50 cases per group. The demographic
and clinical characteristics of the participants are shown in
Table 2. Age, pregnant weeks, neonatal weight, ratio of pri-
mipara, and the rate of fetal macrosomia were not signifi-
cantly different between the two groups.
3.2. Comparison of intact perineum, perineum
laceration, and episiotomy rates between the two groups
Compared with women who lay supine during delivery, those
who assumed the hands-and-knees position attained higher
rates of intact perineum (14.8% and 33.2%, respectively)
(c2 ¼ 41.11, p < 0.001), higher rates of first degree laceration
(41.8%and 56.3%, respectively) (c2¼ 18.53, p< 0.001), and lower
rates of episiotomy (37.7% and 1.8%, respectively) (c2 ¼ 181.21,
p < 0.001). The rate of second-degree laceration between the
groups was not statistically significantly different. However,
episiotomy was regarded as second-degree laceration (29). As
such, the rate of second-degree lacerations, including episi-
otomy rate, is lower in the experimental group than that in the
control group (10.5% and 43.4%, respectively) (c2 ¼ 121.8,
p < 0.001) (Table 3). Thus, the first hypothesis was supported.
Postpartum bleeding amount was not significantly
different between the two groups (t ¼ 0.63, p ¼ 0.52). Severe
postpartum bleeding over 1000 ml were not observed in both
groups. The differences in the rate of newborn asphyxia were
Table 2 e Demographic and clinical characteristics of the participants (n ¼ 886).
Experimental group (X ± s) (n ¼ 446) Control position (X ± s) (n ¼ 440) t P
Age 25.93 ± 3.88 26.46 ± 4.19 1.92 0.05
Pregnant weeks 39.57 ± 1.39 39.22 ± 2.27 2.77 0.06
Neonatal weight (g) 3304.01 ± 438.84 3266.12 ± 431.27 1.29 0.19
APGAR score (1 min) 9.76 ± 0.63 9.72 ± 0.71 1.02 0.30
APGAR score (5 min) 9.99 ± 0.11 9.97 ± 0.19 1.48 0.13
Postpartum bleeding amount (mL) 189.28 ± 91.38 193.17 ± 90.3 0.63 0.52
Table 3 e Comparison of various perineal conditions between groups (n ¼ 886).
Perineum conditions Hands-and-knees position (n [%]) Control group (n[%]) (n ¼ 440) c2 P
Fetal macrosomia 12 (2.6) 10 (2.2) 0.171 0.050
Primipara 301 (67.5) 291 (66.1) 0.172 0.681
Neonatal asphyxia 7 (1.6) 10 (2.3) 0.582 0.446
Intact perimium 148 (33.2) 65 (14.8) 41.114 <0.001*
First degree laceration 251 (56.3) 184 (41.8) 18.530 <0.001*
Second degree laceration 39 (8.7) 25 (5.7) 3.100 0.078*
Episiotomy 8 (1.8) 166 (37.7) 181.214 <0.001*
Shoulder dystocia 0 (0.0) 4 (0.9) 4.071 0.040*
Note: *P < 0.05.
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experimental group underwent spontaneous vaginal births,
whereas four cases of shoulder dystocia were recorded in the
control group (c2 ¼ 4.07, p ¼ 0.04).
Logistic regression analysis revealed that the hands-and-
knees position was a protective factor for episiotomy. The
age of gestation in weeks also increased the rate of episi-
otomy. Women who experienced severe postpartum bleeding
tended to present increased rate of episiotomy (p ¼ 0.03)
(Table 4). Hence, the second hypothesis was supported.4. Discussion
The supine position is the predominant labor position in
mainland China. This general practice deviates from theTable 4 e Factors influencing the rate of episiotomy
(n ¼ 886).
Variables B Sig. EXP(B) 95.0% CI
for EXP(B)
Lower Upper
Hands-and-knees
positiona
3.734 <0.001 0.024 0.011 0.051
Weeks of pregnancy 1.220 <0.001 3.388 2.064 5.563
Primiparab 0.094 0.057 0.911 0.827 1.003
Postpartum bleeding
amountc
0.002 0.030 1.002 1.000 1.005
Note:
Bold represents p value <0.05 was considered as significant, all
inferential tests were two-tailed.
Abbreviation: B: Partial correlation coefficient; Exp(B): Odds ratio; CI:
Confidence interval.
a 1 ¼ Hands-and-knees position, 0 ¼ Supine position.
b 1 ¼ Yes, 0 ¼ No.
c ml.World Health Organization guidelines for normal birth, which
recommends non-supine positions as the efficient interven-
tion to achieve favorable maternal and neonatal outcomes
[23]. The hands-and-knees delivery position is not usually
employed. Shifting from a supine to a non-supine position is a
great challenge to both women in labor and health workers in
practice.4.1. Birth position and perineum laceration
This study showed that mothers in the experimental group
presented significantly higher rates of intact perineum and
first-degree laceration as well as significantly lower rates of
episiotomy compared with those in the control group. The
rate of second-degree laceration did not differ significantly
between the two groups. Logistic regression analysis also
revealed that the hands-and-knees position was a protective
factor for episiotomy. This study showed that episiotomy rate
decreased in the experimental group by a power of 0.024
(95.0% confidence interval for Odds ratio (0.011e0.051)).
Clinical observations showed thatwomenwho give birth in
the supine position were more likely to suffer severe peri-
neum swelling during pushing process, which could be miti-
gatedwhen thewomen shift to the hands-and-knees position.
Hence, the hands-and-knees position could improve blood
circulation and relieve perineal swelling. The enhanced blood
circulation could also protect the fetus. The effect of the
hands-and-knees position on preventing perineum trauma
must be investigated in future studies.4.2. Hands-and-knees position and shoulder dystocia
Shoulder dystocia was noted in four cases in the control group
but was not observed in the experimental group; this finding
reveals the potential benefit of the hands-and-knees position
in the prevention of shoulder dystocia. A previous study [24]
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wide pelvic diameter, which could facilitate fetal delivery by
adducting the shoulder of the fetus through uterine contrac-
tion, impact force of the fetal head, and gravity. Another
previouswork reported that 83% of the shoulderwas relocated
from the sacral bone by a single Gaskin (hands-and-knees
position) [12]. The present study supports the application of
the hands-and-knees position as routine delivery position for
pregnant women to potentially reduce the incidence of
dystocia, particularly shoulder dystocia.
4.3. Neonatal outcomes and the hands-and-knees
position
One disadvantage of the supine position is the potential su-
pine hypotension, which could cause poor blood supply to the
uterus and lead to fetal distress. A study concluded that the
upright position resulted in fewer cases of abnormal fetal
heart rate [25]. In the present study, rate of neonatal asphyxia
andAPGAR scoreswere not significantly different between the
two groups. This hypothesis must be verified in future studies
with large sample sizes because of the low incidence of
neonatal asphyxia in low-risk women.
4.4. Strengths and limitations of this study
This study presents a number of strengths. The study utilized
a multicenter, randomized, controlled trial design and
employed a large sample size. Multiple outcome variables
were also adopted to measure maternal and fetal outcomes.
This work is also relevant to obstetric practices in mainland
China because the hands-and-knees position is not
commonly applied in delivery settings.
However, this study exhibits some limitations. The large
number of women who withdrew from the study potentially
affected the power of the investigation. The main reasons
behind the withdrawals from the experimental group
included knee pain and discomfort while maintaining the
hands-and-knees position during labor. Some midwives also
complained of the need for additional helpers when adopting
such position. This problem may be due to fact that women
were forced to deliver on a labor bed, which was designed to
be excessively high and narrow; the women were not allowed
to deliver on land where they could move freely. Meanwhile,
the main reason for withdrawal in the control group was the
unwillingness to answer follow up interview questions.
The hospitals included in the study could not apply the
double-blinded method because of the nature of the obser-
vation entailed. This limitation may have affected some out-
comes, such as rate of episiotomy and duration of the second
labor stage. Moreover, the perceptions of the participants with
regard to assuming the hands-and-knees position were not
explored, thereby limiting the qualitative evidence that may
be used to convince other mothers to consider such position.
4.5. Recommendations for future studies
Further research on the hands-and-knees position must be
performed to improve maternal and neonatal outcomes. In-
vestigations must focus on comparison between the hands-and-knees position and other upright positions in terms of
maternal and neonatal outcomes, implementation of the
hands-and-knees delivery position in different locations (bed,
land, or water birth), and effect of the hands-and-knees po-
sition onwomenwith cephalopelvic disproportion and breech
birth. In addition, future studies must also explore the per-
ceptions of mothers who assume the hands-and-knees posi-
tion for encouraging midwives to provide additional care to
the mothers during labor.5. Conclusions and implications for practice
This study provides clinical evidence of significantly lower
rates of episiotomy, higher rates of intact premium, lower
rates of shoulder dystocia, and unaffected rates of neonatal
asphyxia and postpartum bleeding amount in women who
delivered in hands-and-knees position compared with those
who gave birth in the supine position. Understanding of the
effectiveness of the hands-and-knees position could help
promote the use of this position in clinical practice.
Healthcare professionals, such as nurses and midwives,
must be trained to support pregnant patients in assuming the
hands-and-knees position and encouraged to incorporate the
position in their daily clinical practice.Authors' contributions
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